Abstract: This paper analyses attitudinal and socio-economic determinants of the householders' willingness to monitor their energy consumption. Residential consumers can monitor their energy consumption by means of traditional (electricity bill) and modern tools (smart metering information platforms, SMP). Within this empirical study we test the effect of environmental attitudes, knowledge and perceived possibilities on consumers' stages of readiness to adopt SMP based the stage model of self-regulated behavioral change (SSCB). Perceived possibilities to monitor energy consumption on a regular basis was found to be the predictor of adoption in every examined stage of readiness. General knowledge predicted adoption of the stage in which consumers declared willingness to learn know-how of using SMP. The results suggest that an effectiveness of educational campaigns may be restricted to only some consumers.
Introduction
Nowadays, many countries due to the ecological and political reasons aim to increase the efficiency of energy production, distribution and consumption (see, e.g., Climate Policy 3x20, Directive 2012/27/EC, Winter Package [1-3]). One of the ways to achieve this goal is the enrollment of smart meters in all EU countries. These devices will enable direct communication between end-users and distribution system operators (DSO). At the same time, consumers will have an access to web-platforms (SM software, SM platforms, e-platforms) or other smart tools that will let them find easily information about their current energy consumption and electricity prices. Many authors emphasize that direct or indirect feedback regarding energy consumption may have a tremendous effect on the consumers' awareness, and motivation to monitor and reduce energy usage [4, 5] .
Although the prospect appears optimistic, survey research has recurrently shown that energy consumers are hesitant to accept novelties in the energy market. Firstly, consumers contribute to the effectiveness and safety of the power systems only if their engagement bears little efforts or financial costs [6] [7] [8] [9] [10] . Secondly, the discrepancy (so called intention-behavior gap) between positive attitudes and corresponding behaviors is a common observation among energy consumers [11] [12] [13] [14] . In other words, consumers are willing to accept new enabling technologies (smart meters, in-home displays, energy usage are discussed. In Section 3 the geographical and theoretical background of the study, as well as methods and the empirical setup of the survey are presented. Next, Section 4 describes a statistical analysis of the results and discusses the main findings. Finally, in Section 5, conclusions and policy implications are provided.
Smart Metering Information Systems-Literature Review

Smart Grids
The goal to increase energy efficiency is strongly correlated with the new approach towards the power system, namely the solution of smart grids (SG). SG use modern communication technologies to exchange information between market agents (generators, market operators and end-users) in order to improve the efficiency of energy production and consumption [18, 19, [28] [29] [30] [31] . Successful introduction of SG requires support of end-users [30] . If accepted by consumers, SG may have a positive impact on the environment protection, by enabling households to balance their supply and demand of energy and by increasing energy efficiency, and saving money [32] .
One of the mile steps of transformation of the traditional power system into the SG, is the broad implementation of so called smart meters (SM) among end-users. The information gathered by the SM can provide feedback about current energy consumption and energy efficiency to the electricity consumers via SM information systems (e.g., via webpage, smartphone or smart appliances) and the system operators [8, 18] . The next step is to offer the consumers dynamic electricity tariffs, whose role is to flatten the demand curve for electricity and to shift the demand from on-peak to off-peak hours [33, 34] . Dynamic electricity tariffs are an example of Demand Side Management/Demand Response (DSM/DR) tools that range from education (e.g., encouraging efficient usage of energy), through time-based pricing (e.g., dynamic electricity tariffs) to incentive-based demand response (e.g., direct load control, emergency demand response programs, etc.) (see, e.g., [5, 28, 35] . In most cases, a so-called enabling technology is needed to increase the positive impact of a smart meter on the energy demand and energy efficiency. Such an enabling technology is an equipment that enables customer to automate control of the load consumption according to the specific price and time ranges. Moreover, it ensures transparency of electricity prices. Enabling technologies include in-home displays, smart thermostats, web-based consumer portals, such as SMP, smart plugs/appliances or home area networks (HAN) (see, e.g., [33, 34] )
The popularity of SG concept and possibility of broader implementation of DSM/DR tools induces discussion on the role of consumers in the power system. The increase of energy efficiency will not be achieved without consumers' acceptance, engagement and effort. Therefore, as mentioned by Ellabban and Abu-Rub, it is necessary to ensure customers' acceptance of SG products and services to successfully build a SG [19] . Rising awareness of the new possibilities for consumers and their active role in the energy market is one of the major challenges [19, 36, 37] .
Feedback as a Learning Tool
Nowadays, customers in the energy market can be seen as one of the main pillars of the SG. A so called smart customer, among smart utilities and smart market, may benefit from a set of technologies which empower him or her to monitor and control his or her energy consumption [7, 19] . Recently, a large number of surveys across the world have been conducted to investigate the readiness of energy consumers for the SG [8, 9, 21, 30] . In general, it was found that most of the consumers are not familiar with the term "smart grid" or "smart metering". At the same time most of them claim to be willing to reduce their energy usage if they had the information needed to do so and to see and control their electricity consumption [9, 10, 19] . Apart from delivering information to the customers about their energy consumption in the real-time manner, many studies suggest that supporting consumers with some encouraging energy interventions may have a great impact on consumers' behaviors [38] [39] [40] .
The effects of providing consumers with the information and feedback regarding their energy consumption and its impact on behavioral change have been widely investigated [18, [41] [42] [43] [44] [45] [46] [47] [48] . Various forms of feedback, such as: direct, indirect and inadvertent, were defined dependent on how information is spread, on its type, and on the quality and quantity of data presented [21, 49] . In case of energy consumption and its conservation, it has been proved that consumers should be provided with information in both: the indirect (traditional) ways via e.g., billing and by direct (modern) ways via e.g., SMP and in-home displays [5, 15, 49] . Moreover to obtain better results in terms of reduced energy consumption and energy savings also other sorts of interventions should be used, such as educational trainings [49] or modification of price policies and legislation [50] .
Recently, by means of empirical research and literature review, the effectiveness of three main elements of so called eco-feedback design, such as: its display, timing and information provided, were analyzed [45, 47, 51] . Buchanan et al. [51] indicate that feedback my increase physical and conscious visibility of consumption and knowledge about it. Nachreiner et al. [18] remind also that as electricity itself is "abstract, invisible and untouchable", especially computerized feedback (i.e., delivered to the customer via modern IT technologies) can be a powerful intervention capable of motivating consumption reduction. This is because it usually offers some multiple options for analysis, including historical comparisons and electricity saving-related information [44] .
Computerized feedback, including: SM devices [48] , mobile applications [45] or SMP [18, 52] have gained a lot of attention. It was found out that feedback provided by SM devices (i.e., SM combined with web-page or in-home display) can be effective, leading to even 5% of reduction in the energy usage [48] . At the same time, such a feedback on energy consumption is likely to prompt investments in more energy efficient technologies (e.g., refrigerators or freezers) or lead to permanent habitual changes (e.g., turning off the lights) [48] . In a study by Ma et al. [45] , the authors have noticed the positive impact of feedback on the energy consumption behavior. The impact was significantly more positive in the short term, and faded away to insignificant in the long term. They have also suggested that the design of feedback matters. It should increase user's engagement to achieve long term durability of the effects, see [45] . In case of computerized feedback, its perceived accessibility plays a great role. The consumers adopt more eagerly, if they believe to have physical access to the information provided by eco-feedback [45, 53] . The consumers' engagement raises if the information can be achieved with relatively low effort and cost.
Foulds et al. [52] emphasize that most of the energy feedback initiatives assume that consumers are rational decision makers and that, on the basis of available information, they will make a cost-benefit analysis of their particular actions (e.g., turning on the air-conditioning or a washing-machine) in order to maximize their own personal utility. But at the same time, the authors pay attention to the feedback related studies, having its origin in sociology and psychology, focusing more on the internalized and dynamic nature of social and cultural context within which digital feedback technologies are provided.
Finally, many studies have shown a relatively low level of consumers' knowledge and interest about smart metering [53, 54] . It was found out that only consumers who were already interested or involved in energy savings were willing to use SMP and learn from them [54, 55] . Even if consumers have the initial interest in SMP, it is uncertain whether such engagement will persist over the longer period of time [45, 56] .
Taking all studies into consideration, one may conclude that the success and effectiveness of feedback is not as easy as it might seem. Both rational (e.g., financial) and irrational (e.g., emotional) arguments should be integrated in order to design feedback tools in a proper way.
Energy Monitoring
So far, very few studies have examined the determinants of willingness to monitor energy consumption [42, 52] . Energy monitoring has been found a distinct practice that focuses on measuring and identifying energy use trends and requires specific knowledge how to perroceed [52] . Measuring is a first step in monitoring energy usage. As already mentioned, it can be achieved in traditional (based on electricity bills) or modern (smart technology-based, e.g., via SMP manners). Identifying starts with observation of the measurements collected, followed by a subsequent cross-checking and comparative analysis. The process of both measuring and identifying facilitates learning about energy use, which is what monitoring is really about [52] . Energy monitoring may lead to an increased awareness of consumers' energy usage, reflection about energy consumption, realizations about the relevance of one's own behavior, and an ability to link consumption to specific home appliances [51] . In particular, contextualized consumption feedback and household specific awareness campaigns may raise consumers' awareness and interest [46] .
Most of the research that has already been done focused on the interpretation of the outcomes of energy monitoring activities and real-time feedback on e.g., energy savings (see e.g., [33, 46, 51] ). In the work of Buchanan et al. [51] , the authors showed that energy monitoring neither empower consumers with an increased sense of personal control nor prompt them to be confronted with an environmental problem or to activate specific motives. Rather, consumers had previously encountered various problems (e.g., high electricity bills) which had already activated certain motives and goals (e.g., desire to save money) and prompted them to purchase an energy monitoring equipment (e.g., smart plugs or in-home displays). The same authors emphasize that while feedback may enable households to associate energy savings with their behaviors, there is still a substantial period of time between engaging in an eco-actions and being rewarded for doing so where consumers pay for electricity in arrears and/or via fixed monthly payments [51] . In the study of Podgornik et al. [46] , the authors have shown that customized consumption feedback is needed to influence on the energy savings and the change in energy-behavior patterns. Finally, Foulds et al. [52] couldn't prove any connection between monitoring and other household practices. So monitoring does not necessarily enhance reorganization of other household practices to induce e.g., household energy saving. Monitoring may rather follow decisions to make energy-related changes, rather than prompt them [52] .
Survey Design of the Current Study
Geographical Background
We focus on determinants to monitor energy usage among citizens of Wroclaw-the capital city of the Lower Silesia Province in the southwest part of Poland. We have chosen Wroclaw, because in years 2015-2017 the local distribution system operator (Tauron Dystrubucja) within the project AMIPlus Smart City Wroclaw aimed at installation of smart meters for all the households. In the end of year 2018, 97% of smart meters have been already installed. Apart from the smart meters, the households have received access to the information about their energy consumption via web-platform TAURON eLicznik (SM platform, SMP) for smartphones or tablets and may obtain alerts when the aimed energy consumption level is exceeded. Households may also activate the connection between their home area network (HAN) and the SMP. All of the proposed solutions are very innovative and they are still not very popular among consumers.
One must be aware that Polish energy sector experiences currently several severe problems such as capacity problem (due to the decommissioning of old generation units), weak transformation network, fossil-fuel-based energy generation (over 80% of the energy mix depends on hard coal and lignite), upward trend in electricity consumption, as well as the obligation to increase the share of RES in the total energy production (only approx. 8% in 2014) and to increase energy efficiency in generation, transmission and consumption while limiting the CO 2 emissions (due to the Climate Policy Agreements) [57] [58] [59] [60] [61] . Taken all the current issues into account, the main challenges are related to the infrastructure, economic and political ones.
Smart grids belong to one of the remedies proposed in the Polish Energy Policy 2050 (PEP 2050) to the current problems of the Polish power sector. Introduction of smart grids and smart metering systems should be considered while developing the transmission and distribution systems [60] . Among many potential benefits, first of all smart grids should allow for better communication between end-users and energy suppliers. Secondly, real time price signals should also raise the potential of demand side management and demand response tools (DSM/DR). Thirdly, the development of smart grids would optimize the management of the grid, which could result in increasing of its security and reducing the costs of exploitation [60] .
Wroclaw is the fourth largest Polish city with currently approx. 636,000 inhabitants covering an area of 293 km 2 and forming the most important Polish urban center near the border with Germany and the Czech Republic. It is also the capital of Lower Silesia and the hub of Wrocław's agglomeration with around 1 million inhabitants [62, 63] . In terms of social-economic issues, the city experiences similar problems and challenges as the rest of the Polish major agglomerations such as: society aging, development of the service sector, together with deindustrialization and urban spread [62] . Demographic problems in Wroclaw are very significant. Let's just mention that several people belonging to retirement age group (in Poland: women above 60 years old and men above 65 years old) have increased recently from 11.4% to 22.7% of Wrocław's inhabitants [62] . At the same time Wroclaw serves as the administrative, socio-economic and cultural hub, with a high level of all manufacturing activities such as production of buses, trams, railroad cars, home appliances, chemicals and electronics, IT and financial services, and retail and real estates [63] . It is also one of the largest academic and cultural centers. The official slogan of Wroclaw, which is "Wroclaw-the meeting place", emphasizes the multiculturalism of the city [62] . Finally, the city can show off its increasing economic growth with a very low unemployment rate in comparison to the whole Poland and Lower Silesia Province. In 2015 the calculation of GDP per capita was 61% higher than the national average and about 44% higher than the average for the province of Lower Silesia (for more economic data, see https://invest-in-wroclaw.pl/en/dane-ekonomiczne/). Also the energy sector in Lower Silesia faces similar problems as the rest of the Polish power generation system. The old generation units and weak transmission network belong to the most significant ones. The energy is mainly produced from coal but the increase of share of renewables such as water, wind and solid-biomass power plants can be observed. The region, and Wroclaw in particular, has a great problem with the with overproduction of greenhouse gas (GHG) emissions. According to Baseline Emission Inventory in Wroclaw Low Emission Economy Plan, over 85% of total GHG emissions in Wroclaw municipality in last years resulted from energy consumption. Settlements (energy use in buildings) are responsible for 63% of citywide GHG emissions through the consumption of electricity, heating and district heating, using coal and natural gas in individual heating systems, see [63] for further details.
The demographic, cultural and economic attributes of Wroclaw indicate this city might be quite open to the various novelties, smart-products and technologies available in the market. In the field of energy, as the local energy provider has decided to run a project aiming in the implementation of smart metering, it could be a good opportunity to explore the Wroclaw citizens' attitudes and willingness to monitor energy consumption, which is assumed to be a first step in adopting smart metering technologies. It could be also a good occasion to suggest some effective ways of proposing the marketing strategies for enterprises (e.g., energy sellers and suppliers of various enabling technologies and others) to increase the potential interest of the electricity customers.
Stages of Behavioral Change
Many theories explain how attitudes affect behaviors related to energy consumption. Among these models, let us mention the Theory of Planned Behavior, Values Belief Norm, the Technology Acceptance Model, Norm Activation Model, Value Identity Personal Norm Model or The Cultural Model of household energy consumption [18, 19, 32, 64] .
Among available models our approach has been motivated by the self-regulated behavioral change model (SSCB) developed by Bamberg [26] and mainly used for promotion of healthy and mobility behaviors [25, 65] , but also for examination of the effectiveness of the intervention related to energy saving behaviors [66] and adoption of SMPs in Germany [18] . The SSCB model allows to verify consumers' stage of SMP adoption. It corresponds to the steps of innovation diffusion of Roger's model [27] , but it focuses more on individual decisions and takes into account differences in peoples' attitudes and intentions. Nachreiner et al. [18] indicate that the central assumption of the model is that under certain conditions, people are willing and able to change their behavior and that the process of intended behavioral change occurs in a time ordered sequence of four distinct stages. Combining classic stage models (see e.g., [67] ) and the theory of planned behavior (TPB) [20] , the SSCB model takes into account psychological variables such as: attitudes towards a certain behavior, subjective and social norms, and perceived behavioral control (e.g., difficulty of adoption) that affect different stages.
We assume that to adopt monitoring behavior via SMP, the person needs to have positive attitudes towards monitoring, and must believe that he or she has some impact on the energy efficiency through his or her actions. This person should also have some basic knowledge regarding energy market. Such general positive opinions and experience with monitoring behaviors may lead to creation of so-called goal intention. Furthermore, the goal intention can be transformed into behavioral intention under fulfillment of some conditions regarding perceived behavioral control. As in the TPB model, the behavioral intention is influenced by positive attitudes towards monitoring, subjective and social norms regarding monitoring and perceived behavioral control (such as: feasibility to regular monitoring of energy). Once a behavioral intention is established a person can be motivated to engage in a given behavior. Finally, the new behavior can be adopted -in our case -regular usage of SMP to monitor and control energy consumption.
Data Collection and the Sample
In March 2018 residential consumers in Wroclaw (N = 500) were interviewed by a professional polling agency by means of a telephone survey. The questionnaire consisted of a few blocks of questions regarding respondents' environmental attitudes and behaviors, knowledge about energy market, ways of monitoring energy usage at their households, consumers' attitudes towards SM platform and socio-demographic variables. The inclusion criteria to the study were whether a respondent was responsible for paying household's electricity bills and above 18 years of age. The definition of the variables and their coding are presented in Table 1 and the frequencies of the demographic variables in Table 2 . A total of 62.6% of the participants are female. As for age, 25.5% of the sample is between 25-34 years old, 11.2% between 35-44 and 15.5% between 45-59. The rest of the sample is over 60 years old. Such a demographic corresponds to the current demographic situation in Wroclaw. According to the data from the Polish Central Statistical Office, 22% of Wroclaw citizens are already retired. Most of the respondents 61.2% declared higher education. Around 25% of participants reported living in a house (detached, semi-detached or a terrace house) and 51.8% in a block of flats or apartments. Less than half of respondents, 43.6%, perceive the financial situation of their household (i.e., average income) to be on the moderate level (but even 20.4% believe that their incomes are higher than average). Mean of respondents' monthly electricity bill equals M = 143 PLN (=33 Euro), SD = 125. All together women, older people and people with higher education level are marginally over-represented in our study. 
Methods
We believe that the installation of a smart meter at home potentially involves two main behaviors of electricity consumers. First, they can interact with an SM device itself. This is, however, rather unlikely, as the device is not user-friendly and quite complex to handle. Second, consumers can use SM platform that allows them to follow their energy consumption patterns. We believe that monitoring of energy consumption patterns is the first step to raise awareness and interest among consumers towards more sophisticated DSM/DR tools, like dynamic electricity tariffs, in-home displays, smart-plugs, smart appliances or even home area networks (HAN). Therefore, within the study, we aim to identify what are the main determinants of monitoring energy usage and, in particular, using the SM platform by energy consumers. Based on the literature review, we have identified a set of individual variables that may account for adoption and non-adoption of SM solutions (see, e.g., [13, 22, 53, 54, [68] [69] [70] . As presented in Figure 1 to these variables belong:
• environmental engagement: people's propensity to engage in conservation behaviors from different subdomains (both: environmental attitudes and behaviors) The main attention within this study was paid to the current and potential ways of monitoring respondents' energy usage. Hence, the respondents were asked about their current energy monitoring behaviors (questions E1-E6), attitudes towards monitoring in general (M1-M9) and attitudes towards monitoring by means of SM platform (M10-M15). The respondents were also asked to report endorsement of four stages of readiness towards monitoring of energy consumption (F1-F4) . To all items participants responded on a 5-point Likert scale, where: (1) denotes no, (2) rather no, (3) hard to say, (4) rather yes, (5) yes. The questions M1-M9 regarding general attitudes towards monitoring were asked to all the respondents (N = 500), and questions M10-M15 (focusing on the attitudes and usage of SMP) were asked to only those respondents who have declared to use SMP at least once (n = 33). In the pre-decisional stage the main goal is to raise people's awareness, enhance positive attitudes and extend knowledge of the promoted behavior. In the pre-actional stage the focus is on incentives and cues that would make people actually engage in behavior. In actional stage consumers visit the SM platform on a regular basis and express willingness to get more knowledge about ways of energy conservation and optimal energy consumption. In this phase we would also expect them to express interest in having additional electronic equipment, which is necessary for real demand management and demand response. For example they may express interest in having in-home displays, smart-plugs, smart-appliances or even HAN applications. In post-actional stage we expect that consumers will either continue the adoption to SMP or will discontinue because of e.g., dissatisfaction or disappointment.
The Results and Discussion
To explore the determinants of the willingness to monitor energy usage, in general and via SMP, we performed following statistical analyses. First, in order to describe the sample and show relations between the chosen variables, descriptive statistics and pairwise analysis of correlation were used. Then, to explore the predictors of the endorsement of the stages of readiness to adopt SMP (F1-F4) the logistic regression models were performed. All calculations have been performed in SPSS statistical program.
Monitoring of Energy Usage
First, based on the questions regarding monitoring behaviors, it was found that almost one quarter of the respondents do not monitor their energy consumption at all (see Figure 2) . Out of those who reported to monitor energy consumption, 46.4% monitors their consumption by the means of the electricity bills. One third, (30.6%) uses information from traditional and smart electricity meters. Very few of the respondents have already used SM platform (3.6%), home area network (HAN) (0.2%) or in-home displays (2.8%). The monitoring activities mentioned by the respondents in the category "others" included: turning off the lights, avoiding keeping home appliances in stand-by mode, using a washing-machine and a washer when they are fully loaded, or investments in energy efficient home appliances. As one may notice these reported activities aim rather at energy reduction than at monitoring by itself. Second, to investigate respondents' attitudes regarding energy monitoring in general and by means of SMP we asked 15 questions, inspired by other studies [26, 65] . In particular we wanted to explore: (M1) problem awareness, (M2) personal responsibility, (M3) personal norms, (M4) social norm, (M5) positive emotions, (M6) negative emotions, (M7) perceived behavioral control or goal feasibility, (M8) goal intention, (M9) attitudes, (M10) behavioral intention, (M11) action plan, (M12) coping plan, (M13) maintenance efficacy, (M14) implementation intention, (M15) recovery efficacy, see Table 3 .
Most of the respondents revealed rather positive attitudes and emotions towards monitoring (M1-M3, M5) with the mean value above M = 4.0. Most of the respondents (66%) declared to have intention to contribute to environmental protection by regular monitoring of energy usage (M9). At the same time 37% of them have not started any monitoring energy consumption (E6).
In case when the respondents already had an experience with SMP, 72% had an intention to use SMP in their households (M10). At the same time 57.5% of the respondents have not got an exact plan when and how to use SMP to monitor energy usage (M11). Even more of them (70%) have not anticipated potential problems that can occur and hinder regular usage of SMP (M12) and have not developed ways to overcome those obstacles (M13).
Following, we report the endorsement of four stages of readiness. For stage F1 the reverse coding was used. The mean value and standard deviations for all the stages are as follows: for stage 1 the mean value is M = 2.58 (SD = 1.56), for stage 2 the mean value is M = 2.62 (SD = 1.68), for stage 3 the mean value is M = 2.85 (SD = 1.67), and for stage 4 the mean value is M = 1.69 (SD = 1.32). In Figure 3 the negative answers ("no" and "rather no") as well as positive answers ("yes" and "rather yes") were aggregated. In stage F1 47% of respondents declined and 26% of respondents confirmed that they do not know and that they are not interested whether they have SM installed or how to use SMP, and another 26% of respondents were indifferent. Also stage F3 had relatively large share of affirmative answers (40%). It included those of the respondents who declared willingness to monitor energy usage and were ready to check whether they have had smart meter already installed at their household together with the free access to the SMP. At the same time 44% of respondents were negative about this statement and 16% were indifferent. Those proportions look even worse for the stages F2 and F4. In case of F2, most of the respondents (52%) did not want to monitor energy usage. In stage F4 only 12% of respondents admitted to regular monitoring of energy usage by means of SMP and wanted to continue such a behavior in the future.
Knowledge: As a Premise of SMP Adoption
Within the questionnaire the respondents were asked 6 questions measuring their level of knowledge, see Table 4 . Apart from question K4, where the answer = (1) was a correct one, in the rest of the questions K1-K3 and K5-K6 the answer = (2) was correct. Most of the respondents were able to choose a proper answer in case of questions K3 (71.8%) and K4 (even 88.8%). Around half of the respondents were able to show the correct answer for questions K2 and K6 (each 57%). The questions K1 and K5 were the most difficult for the respondents. In case of question K1 even 65% of respondents choose the answer "hard to say" and only 14.4% knew the correct answer and in case of question K5 77.8% and 16.6% respectively. 
Code Description
Mean St. Dev.
K1
How do we call the power system that integrates the activities of all market participants involved in generation, transition and distribution and consumption, in order to deliver energy in reliable, safety, economic and pro-environmental way? (1) smart metering, (2) smart grids, (3) advanced metering infrastructure (4) hard to say 3.31 1.044
K2
The end-users who have a smart meter installed in their household, have a possibility of: (1) making an individual appointment with the controller who comes to read the current energy consumption, (2) automatic reading of energy consumption by the energy provider and monitoring of energy consumption via an Internet web page or an mobile application, (3) paying for electricity based on forecasts of energy consumption delivered by the energy provided based on the historical data, (4) hard to say 2.69 0.933
K3
To the green energy belong those energy sources which use in the process of transition: (1) wind energy, nuclear energy, natural gas, biomass energy, (2) wind energy, biomass energy, solar energy, (3) nuclear energy, natural gas, solar energy, 
Preliminary Results: Association between Relevant Variables
To observe some initial information regarding the relations between readiness to adopt SMP (stages F1-F4) and eco-attitudes, knowledge and attitudes towards monitoring, Kendall's test of correlation was conducted, see Table 5 . As education, housing, electricity bill and pro-environmental behaviors occurred to be insignificant in terms of SMP adoption (p-value p > 0.1), they were excluded in further analysis and discussion. Table 5 . The results of tests of pairwise association between the stages (F1-F4) and determinants of willingness to energy monitoring (note: ** p < 0.01 and * p < 0.05). We found that pre-actional stage (F1) correlates positively with: eco-attitudes and stage F2 and negatively with: knowledge, stage F4, as well as, with two statements regarding monitoring: M7 ("It is possible for me to regularly monitor of energy usage") and M8 ("I think that monitoring of energy usage is good"). It shows that respondents who are not interested in new, innovative technologies, like SM or SMP, can still have positive environmental attitudes. Moreover, they can believe that monitoring of energy usage is good (M8) and they see a possibility of regular monitoring (M7), but not via the SMP. Moreover, we even see that people who are not interested in monitoring via the SMP, would like to monitor their energy usage, but they just do not know how to do this (F2).
Variables Eco-Attitudes
Then, in case of stage F2, there is a weak positive correlation with positive attitude about monitoring (M8). It shows that once respondents claim that they would like to monitor energy usage, but they do not know how (F2), they are ready to check whether they have SM installed together with an access to the SMP (F3). At the same time, they are not ready to monitor energy usage via SMP regularly (F4).
Stage F3 is correlated with knowledge and phase F2. Among all the phases, stage F3 reveals the strongest correlation to knowledge. Those who are sure that they want to monitor energy usage and are ready to check whether they have proper infrastructure (SM, SMP), have the largest level of knowledge regarding modern energy market. This phase correlates also with M7 and M8, which is quite obvious.
Finally stage F4 is negatively correlated with F1, F2 and F3. Stage F4 presents endorsement of regular monitoring of energy usage via SMP and a willingness to continue this behavior in the future, so it must be negatively correlated with all the previous stages: F1-F3 and positively with M7 and M8.
Determinants of the Readiness to Monitor Energy with SMP
To further investigate the relation between the stage of readiness to monitor energy in four stages of adoption (F1-F4) and a set of variables, we performed four binary logistic regressions. One for each stage. Readiness to monitor energy via SMP was treated as a dependent variable (Y i ), and independent variables were: demographics (inc. gender, age and material situation), eco-attitudes, knowledge and a variable describing the perceived behavioral control regarding regular monitoring of energy usage.
Before the regression analysis, responses were transformed into dichotomous variables (0/1) as the distribution of the data showed that middle responses were extremely rare. The reference category for dichotomous responses was the positive response "yes" and "rather yes" coded as: (1) and the negative response "no" and "rather no" were coded as (0). The item in stage F1 was negatively coded and was reversed before the analysis.
In each analysis we performed a step-wise procedure. For each stage, in the step 0 only a constant variable was included in the initial model. Then, in the step 1 in block 1 we added demographic variables: gender (D1), age (D2) and income (D5). In step 1 in block 2 we added the variable (Am), which is the mean value of pro-environmental attitudes (A1-A6) and the variable (Ks), which is the sum of correct responses regarding knowledge (K1-K6). Finally, in step 1 in block 3 we added the variable M7: "I see a possibility of regular monitoring of energy in my household". The same procedure was repeated for all the stages of readiness to adopt SMP.
A general description of the logistic regression model is given in Equation (1) below,
where β stands for a vector of the model coefficients and x i denotes a vector of the explanatory variables. Dependent variable Y i = 1 denotes that a respondent is in a given stage and Y i = 0 indicates that a respondent is not in a given stage. The aim of this model is to relate the probability of belonging to the certain stage of readiness (Y i = 1) with a set of the explanatory variables (x i ).
In stage F1, in step 1 the analysis yielded no significant results for demographic variables. That is, neither gender, nor age, nor income predicted whether participants were interested in monitoring energy using the SMP platform. In step 2 we introduced pro-environmental attitudes and knowledge. The analysis showed that pro-environmental attitudes were negatively related with the lack of interest in SMP (Wald = 10.25, p < 0.001). Knowledge was not a significant predictor. In the step 3, we introduced the possibility to monitor energy using SMP as a predictor and we found that higher perceived possibility was negatively related with lack of interest in monitoring (Wald = 10.14, p < 001). The effect of attitudes remained significant (Wald = 9.14, p < 001). The final logit model prediction capabilities were as follows: 68.5% with Log likelihood: 416.20, Nagelkerke R Square: 0.112, and Chi-square 10.209(1) with p = 0.001;
In stage F2, from all variables, we found that only the perceived possibility of monitoring energy using SMP and age predicted willingness to monitor energy consumption more frequently (Wald = 3.89, p < 0.001). The final model prediction capabilities were 58.9% with Log likelihood 527.34, Nagelkerke R Square: 0.028, and Chi-square 3.893(1) with p = 0.048;
In stage F3, age predicted responses that a participant had a firm goal to organize his or her everyday activities so that he or she will monitor energy consumption at a household e.g., via SM platform (Wald = 5.0, p < 0.001). In the step 2, knowledge (Wald = 6.22, p < 0.001) was a significant predictor, but age stopped to be. In the step 3, the possibility of monitoring (Wald = 14.42, p < 0.001) and knowledge (Wald = 5.53, p < 0.001) predicted the goal of monitoring. The whole model's predictive capability was 57.6% with Log likelihood 508.24, Nagelkerke R Square: 0.093, and Chi-square 15.232(1) with p < 0.001;
In stage F4, only the possibility of monitoring energy (Wald = 20.25, p < 001), introduced in step 3, was a significant predictor of whether somebody responded that he or she often monitors energy using SMP and would like to maintain this behavior. The model's predictive capability was 86% with Log likelihood: 299.04, Nagelkerke R Square: 0.153, and Chi-square 33.980(1) with p = 0.000.
The final results for each stage (step 3, block 3) are presented in Table 6 and consists of: the model coefficients (β), standard errors and the odds ratio (Exp(β)), which are the exponentiation of the coefficients, showing the marginal probabilities for the predictors.
In sum, in all stages the perceived possibility of monitoring energy predicted engagement in monitoring behaviors, even if demographic variables, attitude and knowledge were controlled for. Knowledge played a role only in stage F3, in which the motivation to find out how to monitor energy matters. In other words, knowledge predicted motivation to gain more knowledge. In stage F3, age predicted the engagement in the first step, but it was insignificant when introducing attitudes and knowledge. These results are in line with previous intuitive findings that people's knowledge and positive attitudes towards the environment develop with maturation. The consistent results in all stages regarding the possibility to monitor energy as a significant predictor suggest that external facilitation and accessibility of SMP platforms might play a role in people's willingness to use them. 
Conclusions
Within our study we have managed to show how consumers' environmental attitudes, knowledge and experience with monitoring of energy usage and demographics affect their willingness to monitor energy consumption, both in traditional and modern ways. Even if our study has been conducted for one city, it allows for drawing some general conclusions regarding the consumers' attitudes and behaviors in the energy market.
The main attention within this study was payed to the current and potential ways of monitoring energy usage by the residential consumers. Among traditional ways of monitoring, our respondents mainly mentioned electricity bills as their major source of information. So far, SMP are rather unknown and very rarely used (ca. 4% of our sample), even if they are available for free for all the clients who have already been connected with the energy supplier via a smart meter (more than 90% of the Wroclaw citizens). As some other studies have proved, the consumers still prefer traditional ways of energy monitoring to the SMP. It is mainly due to their lack of knowledge, experience and perceived accessibility to the web-based application combined with SM.
As in the mainstream literature regarding eco-feedback and consumers' responsiveness to smart energy monitors, see for example [18, 41, 42, [45] [46] [47] [48] [51] [52] [53] [54] 56] , we have shown that positive environmental attitudes and positive thinking about monitoring ("energy monitoring is good") is not enough to induce consumers' long-term monitoring behaviors and to engage them to use SMP on a regular basis. Even if most of the consumers have revealed positive attitudes towards monitoring in general, and many of them have intended to contribute to environmental protection by monitoring their energy usage, at the same time, approx. 25% of them do not monitor energy consumption at all. It is a typical example of the intention-behavior gap, when the intentions and positive attitudes are not followed by actions. The same problems have been also revealed in other studies conducted by [11] [12] [13] [14] 18] . One of the possible explanations of such a gap is the people's lack of knowledge how to achieve their goals and how to transform their positive attitudes and intentions into real actions.
Within this study we also wanted to shed some light on consumers' willingness to monitor energy usage via SMP. As our study was inspired by the SSCB model, the readiness to adopt SMP was divided into four possible stages (F1-F4) , starting from the pre-decisional stage F1 in which consumers are not interested in modern technologies like SM and SMP, through pre-actional stage F2 in which consumers would like to monitor energy consumption but do not know how, actional stage F3 in which they aim to monitor energy consumption and to check their access to SMP towards post-actional stage F4 in which consumers declare regular usage of SMP.
Based on the literature [6, 19, 36, 51, 52, 54] , we have expected to see that knowledge is one of the major predictors of the SMP adoption. However, among all the stages, only stage F3 has revealed strong correlation to knowledge. Those respondents who were sure that they wanted to monitor energy usage and were ready to check whether they had proper infrastructure (SM, SMP), had the highest level of knowledge regarding modern energy market. On the other hand, knowledge occurred to be negatively correlated with stage F1. Consumers who were less familiar with the energy market, were also less willing to monitor energy consumption via smart technologies. An important role of knowledge in explaining stage F3 has been also revealed in the regression model. Whereas in the rest of stages (F1, F2, F4) knowledge has not been found to be a statistically significant explanatory variable.
Surprisingly, the perceived possibility to monitor energy occurred to be a significant predictor in all four stages. Those consumers who were convinced by having the possibility of regular energy monitoring were more eager to get to know the SMP and to start using it on a regular basis (stages F3 and F4). It indicates that external facilitation and accessibility of SMP platforms might play a role in people's willingness to use them. Without increasing awareness of SMP existence and its availability via smart phones, tablets or a personal computer, the consumers will not even start thinking about potential benefits of it in energy conservation. Those consumers who are already aware of SMP, need some clear guidelines how to use this source of information in a right, most effective way.
As general attitudes towards monitoring of energy usage are positive, it would be now recommended to encourage consumers to transfer their intentions into real action. It could be achieved by spreading the information via a social educational campaign about the reasons of enrollment from traditional into smart meters, its advantages for end-users of electricity as well as presenting SMP as a great source of information and control over one's energy consumption.
From the point of view of enterprises in the energy market, such as energy suppliers but also producers of enabling technologies, our research gives some important hints. As the perceived possibility to monitor energy consumption both in traditional and modern ways has occurred to be the most important predictor in all stages of readiness of adoption, the suppliers of SMP, as well as other enabling technologies (e.g., smart plugs or smart appliances) need to find a way to convince consumers that first, monitoring of energy consumption is beneficial, and second that the usage of SMP or other smart technologies is not difficult. Our results indicate that the SMP suppliers should pay attention to the simplicity of the proposed solutions and its user-friendliness. Moreover, they have to spread the information about the advantages of SMP among the consumers, in order to raise their interest and engagement. Finally, as the willingness to energy monitoring is correlated to the environmental attitudes, knowledge about energy market and perceived behavioral control, the enterprises should use this information, while designing the innovations and marketing strategies aiming in launching the smart solutions into the energy market.
Limitations of the Study and Future Work
A conducted survey has some limitations. Firstly, the study was limited to the citizens of one city. Choosing the telephone survey instead of a web-based one, has lead to a very low response rate (1.8%). The sample is over represented in terms of age, gender and education, but this restriction seems not to have significant impact on the final results, as the readiness to adopt is not explained by any of the demographics variables (except negative impact of age on stage F2). The positive correlation between the stages F2 and F3 indicate the statements were too similar to each other and should be revised in the further studies.
We want to emphasize that within this paper the results of a preliminary study are presented. Future research will show the dynamics of readiness to adopt SMP in a longitudinal design. The future web-based study will benefit from the experience of the preliminary one and will get rid of most of the current limitations. 
